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TAX  OBPRECIATION  POLICY  AND  INVESTMENT  THEORY^ 

by 

Vernon  L.  Smith 

Purdue  and  Stanford  Universities 

In  a  recent  paper^  I  expressed  the  somewhat  unconventional  view  that 
perhaps  businesses  should  be  permitted  to  depreciate  or  write  off  invest¬ 
ment  eiq^endltures  as  rapidly  as  they  please,  including  the  extreme  policy 

of  treating  such  capital  outlays  as  an  ordinary  business  expense  in  the 

2 

year  incurred.  The  latter  policy  would  be  ostensibly  the  most  advemta- 
geous,  given  this  freedom  of  choice.  Ihe  only  qualification  mentioned 
was  that  provision  should  be  made  for  the  loss  carry-over  or  carry-back 
of  tax  credits  so  that  an  otherwise  rational  managerial  decision  to  incur 
heavy  investment  outlays  in  a  year  of  low  sales  would  not  be  artificially 
prejudiced  by  tax  considerations.  This  is  an  issue  of  great  currency  as 
evidenced  by  the  announced  intention  of  the  U.  S.  Treasury  to  liberalize 
present  tax  depreciation  rules.  The  view  that  we  might  seriously  consider 
permitting  such  wholesale  tax  depreciation  freedom  appears  to  be  suggested 
by  the  present  value  theory  of  investment  decisions.  Hie  issue  might  be 
approached  with  entirely  different  considerations  and  motivations  in  mind, 
but  the  present  paper  will  be  confined  to  a  discussion  of  tax  deprecia¬ 
tion  policy  within  the  framework  of  the  theory  of  investment  of  the  firm. 
It  is  assumed  throughout  that  it  is  desirable  to  impose  taxes  on  business 
* 
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income  in  such  a  way  that  the  structure  of  optimal  investment  decision 
rules  is  not  altered  by  the  tax. 

By  way  of  motivational  argument  it  should  be  emphasized  that  the 
present  value  theory  of  investment  decisions  makes  no  use  of  the  concept 
of  depreciation  as  a  write-off  phenomenon,  though  it  is  possible  to  inter¬ 
pret  various  approaches  to  the  so-called  depreciation  problem  in  terms  of 
this  theory.  Taxless  investment  theory  treats  all  receipts  and  outlays 
as  cash  inflows  and  outflows  at  the  instant  received  or  expended,  and 
seeks  to  maximize  the  present  worth  of  this  lumpy  net  cash  inflow.  Sunk 
investments  enter  this  stream  only  to  the  extent  that  they  contribute  to 
current  receipts,  current  expenses,  and  provide  lump-sum  disinvestment 
receipts  through  salvage  or  resale.  Bie  capital  outlays  for  sunk  invest¬ 
ments  do  not  enter  the  future  income  stream  and  do  not  affect  investment 
decisions.  However,  as  we  shall  see,  once  taxes  are  introduced,  invest¬ 
ment  decisions  may  be  influenced  by  the  cost  of  capital  outlays  for  sunk 
investments.  This  is  because  the  tax  laws  do  not  permit  the  cost  of 
capital  goods  to  be  treated  as  an  ordinary  expense.  The  common  practice 
is  to  permit  capital  costs  to  be  written  off  or  depreciated  over  time  in 
accordance  with  some  specified  set  of  tax  depreciation  rules.  It  will  be 
shown  that  this  practice  leads  to  bias  in  the  form  of  investment  decision 
rules  different  from  those  prevailing  in  the  absence  of  a  tax,  that  the 
bias  is  likely  in  the  direction  of  delaying  optimal  investment  timing, 
and  that  such  biases  can  be  removed  by  expensing  investment  outlays  in 
the  computation  of  taxable  income.  In  deriving  these  results,  we  shall 
work  first  with  an  essentially  static  Preinreich-Lutz-Terborgh  replace¬ 
ment  model,  then  with  a  more  general  dynamic  model  in  which  price. 
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current  input,  Investment  level  and  Investment  timing  are  Joint  decision 
variables  In  maximizing  the  present  value  of  net  Income  after  taxes. 

1.  Taxes  In  a  Simple  Replacement  Model 

Let  RQ(t)  be  the  net  revenue  at  time  t  of  a  sunk  Investment  In 
a  productive  facility,  and  let  Mq(Lq)  be  Its  market  value  as  a  function 
of  the  additional  time  it  is  held.  After  Lq  years,  the  firm  invests  in 
a  new  asset,  and  thereafter  every  L  years  in  a  chain  of  assets,  where 
R(Lq  +  kL,t)  is  the  net  revenue  of  the  k+1  member  of  this  chain. 

Hie  shift  parameter  k  permits  the  effect  of  technological  change  to  be 
represented.  Hie  initial  investment  in  each  of  these  future  assets  is 
C  and  they  are  assumed  to  bring  a  market  price  M(L)  after  being  held 

■i 

L  years.  The  firm  is  assumed  to  maximize 

(1)  V  =  RQ(t)e‘"’^dt  +  MQ(LQ)e  +  e  V-  , 
where 

(2)  V  =  XZ  I  j  +  hL,t)e‘^^dt  -  C  +  M(L)e‘^^  J 

with  respect  to  Lq  and  L  .  By  setting  <  0,  and  ^  =  0,  the 
optimal  replacement  condition  can  be  written 

^3)  -[Rq(Lq)  +  -  V'  <  Mq(Lq)  , 

where  V  now  stands  for  its  optimal  value,  that  is,  (2)  is  evaluated 

dv 

at  the  L  for  which  =  0.  If  the  inequality  holds  in  equilibrium, 
then  Lq  is  zero,  that  is,  the  incumbent  asset  is  overdue  for  replace¬ 
ment.  Statement  (3)  is  the  "programming"  form  of  the  familiar  conditions 
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for  replacing  an  asaet.  An  old  asset  should  be  replaced  by  Its  most 
attractive  alternative «  vhen  the  net  contribution  to  the  present  worth 
of  the  firm  caused  by  holding  the  asset  an  additional  year  does  not 
exceed  the  market  value  of  the  asset. 

In  considering  the  effect  of  taxes >  suppose  we  assume  that  Invest¬ 
ment  outlays  are  expensed  In  arriving  at  taxable  Income,  and  that  a 
constant  tax  rate  a  Is  applied  to  such  Income.  Ihen  at  time  t,  where 
0  <  t  <  Lq,  the  tax  paid  Is  a  RQ(t);  at  Lq,  the  tax  Is 
a  R(Lq,0)  +  a  Mq(Lq)  -  a  C;  at  ♦  t  ,  0  <  t  <  L^,  the  tax  Is 
a  R(LQ,t);  at  L,  the  tax  Is  a  R(Lq  ^  L,0)  4>  a  M(L)  -  a  C,  and 

so  forth.  By  computing  the  present  worth  of  these  future  tax  payments 
and  subtracting  from  V,  given  by  (l),  we  get  TT  ,  the  present  worth  of 
earnings  net  of  taxes,  which  reduces  to 

W  TT  -  (1  “  a)V  . 

Hence,  maximizing  TT  with  respect  to  and  L  leads  to  a  decision 

rule  Identical  with  (3)  obtained  by  maximizing  the  taxless  present  value 
V  . 

Consider  next  the  policy  of  requiring  the  firm  to  follow  any  arbitrary 
Investment  depreciation  rule  for  tax  purposes.  In  general,  such  a  rule 
specifies  the  write-offs  as  a  function  of  time,  and  Investment  cost  of  the 
asset.  Some  specification  is  also  normally  made  as  to  the  appropriate 
bookkeeping  adjustments  when  the  asset  Is  sold.  Also,  there  is  typically 
some  minimum  time  period  based,  e.g.,  on  average  or  "normal"  asset  life 
expectancy,  during  which  the  asaet  Is  to  be  depreciated.^  Such  rules 
define  a  tax  depreciation  function  which,  in  general,  we  will  write  in 


the  form  u  +  t]  for  a  sunk  investment  u  years  old 

at  the  opening  of  the  planning  period,  and  d  =  d[C,M(L),t]  for  the 
chain  of  future  replacement  investments.  Then  the  expression  for  the 
present  value  of  profits  after  taxes  becomes 

(5)  TT''  =  V  -  a  Y  , 

where  V  is  defined  by  (l),  and  the  present  value  of  taxable  income  Y 
is  given  by 

L  -rL 

(6)  Y  =  [RQ(t)  -  dQ]e‘"‘^dt  +  e  °  Y'  , 
where 

(7)  Y'  =  XI  f  ■  ile’^^dt  . 

k=0  Jo  ^ 

It  is  useful  to  define 

L  -rL  -rL 

(8)  A  =  d^  e'^'^dt  +  MQ(LQ)e  °  +  e  °  A' 

where 

(9)  A'  =  XI  de’^^dt  -  C  +  M(L)e‘^^ 

k=0  Jo 

Using  (6)-(9)>  we  can  rewrite  (5)  in  the  form 


TT  =  (2-a)V  +  a  A  . 


Now,  maximizing  TT  with  respect  to  and  L  gives 


-  rMQ(LQ)e  -  re  A' ]  , 
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(12) 


P  T 

/,  -N  -oe  I  ,  -rL  f  3d  -rt..  -rL 

^  — irfT  r®  ■*■  L  ^  ^ 

1-e  >-  JO 


-  rM(L)e"^^  -  re 


0 
-rL. 


■]  • 


We  see  Immediately  that  (ll)  Is  not  the  same  as  the  taxless  decision 

Atr 

rule  (3)  obtained  from  ;»=—  <  0,  and  (12)  will  not  in  general  give  the 

oLq  - 

dv 

taxless  solution  for  L  obtained  from  ^  =  0.  In  particular,  note 
that  the  cost  of  the  sunk  investment,  C^,  may  enter  the  decision  via 
the  depreciation  function  d^  . 

To  illustrate  specifically  what  might  be  the  effect  of  the  tax 
depreciation  component,  shown  on  the  right  side  of  (ll),  on  the  invest¬ 
ment  decision,  let  us  assume  that  the  Treasury  requires  the  use  of 
straight  line  depreciation,  and  specifies  that  the  proceeds  from  the 
sale  of  used  equipment  are  to  be  counted  (less  any  undepreciated  portion 
of  the  original  cost)  as  ordinary  income  at  the  time  received.  Ihen 

our  tax  depreciation  functions  can  be  written: 

(0^ 


d[CQ,MQ(LQ),u+t]  =  I 


^  ,  0  <  t  <  L*  -  u 
0  ,  L*  -  u  <  t  <  Lq 


-Mo(L^j),  t  =  Lo 


DT  >  0  <  t  <  L* 
d  =  d(C,M(L),t]  =  I  0  ,  L*  <  t  <  L 

-M(L)  ,  t  =  L  , 


where  L*  and  L*  are  the  minimum  write-off  periods  specified  by  the 
taxing  authorities  for  the  two  types  of  facilities,  and  it  is  assumed 
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that  Lg  <  u  +  Lq, 


L*  <  L  . 


IBien 


and 


L* 


r  -r(L*-u)-, 


1-e 


-rL. 


+  e 


A' 


A' 


rL* 


<  0 


> 


where  it  is  understood  that  when  A  and  A'  in  (8)  and  (9)  are 

■*■^0 

evaluated  at  t  =  and  t  =  L,  the  point  values  -l^(LQ)e 

and  -M(L)e'^^  are  contributed  by  the  corresponding  integrals  of  d^ 

and  d  . 

Assuming  an  interior  solution,  (ll)  becomes 
(13)  (1-a)  3^  *  -  =  a  re  °  A’  . 

-rCUL-) 

dA  Cl  A  *  *5 

Similarly,  (12)  becomes  (l-Ct)  ^  ^  *  - TJL -  ’ 

1-e 

differentiating  these  conditions  in  the  usual  way  we  can  determine 

expressions  for  3^  and  3^,  but,  in  general,  the  signs  of  these 

derivatives  are  not  unambiguously  positive  or  negative.  However,  if 

we  assume  that  the  present  equipment  is  like  the  replacement  equipment, 

then  we  have  only  the  one  decision  variable,  L  3  u  Lq-  Maximizing 
/  V  dV'  8a' 

V  gives  (1-a)  3^  *  differentiating,  we  get 


8l 

3a  =  - 


1  3a' 

l-a  3ir 


>  0, 


(i-a)4'*o 


since  the  denominator  must  be  negative 
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for  a  maximum  and 


SA' 

=  ■ 


Ore 


-rL,, 


1-e 


-rL 


>  0. 


But  note  that  if  we  have  no 


taxes  (a  =  O)  or,  alternatively,  if  we  expense  capital  outlays,  we 
have  ^'=0  in  equilibrium.  Hence,  the  partial  equilibrium  effect 
of  straight  line  tax  depreciation  over  a  period  shorter  than  the 
optimal  life  of  equipment  is  to  postpone  reinvestment,  as  against 
optimal  reinvestment  under  no  taxes  or  taxes  levied  on  income  net  of 
expensed  capital  outlays. 

Using  equations  (ll)  and  (12),  it  is  reasonable  to  inquire  as  to 

whether  it  is  possible  to  find  tax  depreciation  functions  which 

produce  no  bias  in  the  investment  decision  rules.  Hie  conditions  for 

such  bias  not  to  appear  are  obtained  by  setting  ,  the  right  side 

^ .  0 

of  (ll),  equal  to  zero,  and  ,  the  right  side  of  (12),  equal  to 
zero.  Solutions  to  the  resulting  differential  equation  conditions  on 
d^  and  d  can  be  written: 

(lU)  J  d[C,M(L),t]e’^^dt  =  C  -  M(L)e"^^  , 


(15) 


J 


L  "TL 

°  d[CQ,MQ(LQ),u  +  tje’^'^dt  =  -  Mp(LQ)e  ° 


d[CQ,MQ(LQ),t]e"''Vt  , 

in  which  we  make  use  of  the  administrative  constraint  that  the 
depreciation  rules  are  not  to  be  different  for  sunk  and  replacement 
investments.^  The  solutions  (lU)  and  (I5)  can  be  verified  by 
differentiating  and  substituting  into  the  right  sides  of  (ll)  and  (12) 
tc  yield  zero.  Hence,  any  depreciation  function  whose  present  value 


-8- 


over  the  optimal  life  of  the  asset  is  e(j.ual  to  the  asset's  cost  plus  the 
present  worth  of  its  salvage  or  resale  value  at  the  end  of  its  life^  has 
the  property  that  it  will  not  alter  the  investment  decision  rules.  This 
result,  though  not  perhaps  very  unexpected,  also  does  not  seem  very  use¬ 
ful  in  providing  neutral  tax  depreciation  guidelines  within  the  frame¬ 
work  of  present  tax  depreciation  policy.  The  requirement  that  the 
write-off  must  occur  over  the  optimal  equipment  life  for  each  firm, 
rather  than  some  industry  average,  is  hardly  practical.  For  example, 
one  tax  depreciation  function  satisfying  (l4)  and  (I5)  is 


o<t<L.  or  d„  = 


rCo-rMo(LQ)e 


■r(LQ+u) 


0  <  t  <  Lq,  which  is  Just  the  annuity  value  of  the  investment  cost  net 
of  salvage  value.  But  to  specify  such  a  write-off  allowance  in  the 
form  of  legal  rules  is  hardly  feasible,  since  L  will  normally  vary 
among  industries  and  firms  for  the  same  type  of  equipment.  Hie  simplest 
tax  depreciation  function  satisfying  (l4)  and  (I5)  is  of  the  form 


d  = 


C 

.  0 

-M(L) 


t  *  0 
0  <  t  <  L 
t  *  L 


which  is  precisely  the  proposal  for  expensing  capital  outlays.  This 
policy  is  quite  easy  to  specify  and  to  administer.  We  simply  rule  that, 
for  tax  purposes,  the  cost  of  an  asset  is  deducted  when  that  cost  is 
incurred. 

2.  Taxes  in  a  Dynamic  Model 

The  previous  model  does  not  allow  for  level  of  investment  decisions, 
and  it  does  not  distinguish  explicitly  technological  data  from  economic 
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(price)  data  in  investment  decisions.  To  show  under  more  general 
conditions  that  investment  decision  neutrality  requires  assets  to  be 
expensed  for  tax  purposes,  we  will  first  construct  a  dynamic  model  in 
which  current  price,  current  input,  investment  level,  and  investment 
timing  policies  are  simultaneously  determined. 

Of  the  many  possibilities  that  might  be  considered  we  will  use  a 
simple  finite  horizon  model,  in  which  it  is  assumed  that  at  the  opening 
of  the  planning  period  the  firm  has  a  sunk  investment  in  physical 

units  of  the  capital  facility,  and  that  at  most,  one  additional  invest¬ 
ment  in  units  of  the  capital  facility  is  to  be  considered  in  the 

7 

planning  period.  If  the  horizon  is  T,  then  the  new  investment  is 

to  occur  at  some  time  T^,  where  0  <  T^  <  T,  to  be  determined.  We 

also  allow  for  the  discard  or  sale  of  the  sunk  investment  at  , 

<  T,  to  be  determined.  These  specifications  divide  the  planning 

interval  into  three  operating  periods.  In  the  first  period,  0  <  t  <  T^, 

we  have  the  short-run  ex  post  production  function  y(t)  =  f^[x^(t),Xj^], 

where  x^(t)  is  a  current  input,  and  X^  is  fixed.  In  the  second 

period,  <  b  <  T^,  the  technological  alternatives  are  described  by 

the  ex  ante  production  function  y(t)  =  f^[x^(t),X^]  +  f^[x^(t),X2], 

reflecting  the  parallel  operation  of  old  and  new  facilities.  The 
1  2 

functions  f  and  f  are  assumed,  in  general,  to  differ  and  to  show 
increasing  returns.  In  the  final  operating  period,  <  t  <  T,  the 
old  facility  has  been  "phased  out,"  and  the  production  constraint 
becomes  y(t)  =  f  (x2(t),X2]  .  If  and  are  the  prices  of  the 

sunk  and  replacement  investments,  respectively,  and  Sg  are  their 

fixed  resale  values,  w  is  the  price  of  the  current  input,  and 


Rly('t)>t]  is  the  dynsanic  revenue  function  for  the  product,  then  the 
present  value  of  the  firm's  profit  can  be  written 


(16)  V  =  j^^{R[f^[x^(t),X^],t]  -  w  x^(t)j 


-rt,. 
e  dt 


I'  . 

f  ^|R[f^[x^(t),5^]  +  f^[x^(t),X2],t]  -  wtx^(t)  +  x^(t)]je"'^dt 
j  |R(f^tx2(t),X2],t]  -  w 


-rT  _  -rT^ 

-  V2  ®  ®  ^  SgXg  e 


Price,  p(t)  =  and  current  input  rates  in  each  period 

are  assumed  to  be  instantaneously  variable,  and  their  time  paths  are  to 
be  chosen,  while  the  planning  period  levels  of  Xg,  and  are  to 
be  chosen.  From  the  Euler  conditions,  we  can  write  the  following 
dynamic  marginal  revenue  productivity  conditions  on  the  time  path 
variables: 


(17) 


3r  w 

^  f^[x^(t),X^] 


0  <  t  < 


(18) 


(19) 


dR  _  w 
3y  ^1 


f*[x'(t),X^] 


8r  _  _  w 

37  "  ^2 


f^[x2(t),X2] 


fJ[x^(t),X2] 


<  t  < 


<  t  <  T 


From  setting  the  derivatives  of  V  with  respect  to  T^,  and 
Xg  eq,ual  to  zero,  we  write  the  following  necessary  conditions  for 
maximal  investment  level  and  for  the  timing  of  new  investment  and  the 
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sale  of  the  old  capital  facility: 


(20) 

r’^1 

wf|[x^(t),X2]e‘^^dt  ,T  wf2[x2(t),X2]e-^^dt 

„  "^^1  _  -rT 

=  Wge  -  826 

J 

f2[x'(t),X2]  '  '^^1 

(21) 

1  1 
r  1 

p  • 

R^(T^)  -  R^(T^)  +  w(x^(T^)  -  x|(T3^)  -  x^(T^)]  j 

=  W2X2 

(22) 

R^(T:[)  -  R2(T{)  +  w(x2(T{)  -  x^(T{)  -  x^(Tp]  j 

[  =  s,x^  ^ 

where 

R^,  and  R2  denote  respectively  the  revenue 

functions  in 

1  2 

the  three  integrals  of  (l6).  In  the  notation  f^,  etc.,  the  sub¬ 

scripts  refer  to  the  derivative  with  respect  to  the  first  or  second 

2  ^f^ 

argument  of  the  production  function,  e.g.,  f^[x^(t),X2]  =  . 

Equations  (17)-(19)  are  the  familiar  conditions  for  equating 
instantaneous  marginal  cost  and  marginal  revenue.  The  second  equality 
in  (l8)  also  expresses  the  equi -marginal  cost  loading  condition  for 
multiple  parallel  facilities.  (20)  expresses  the  less  familiar 
condition  that  the  size  of  an  additional  capital  facility  is  expanded 
until  the  present  worth  of  the  operating  cost  savings  effected  by  an 
increment  of  the  capital  equals  the  present  worth  of  the  net  cost  of 
that  increment  (capital  cost  net  of  discounted  resale  value).  (21) 
says  that  if  a  new  facility  is  to  be  purchased,  it  must  be  at  that 
point  in  time,  T^,  when  the  capitalized  value  of  the  initial  gain  in 
net  operating  revenue  equals  the  investment  outlay  for  the  facility. 
The  discard  condition  (22)  is  symmetrical  to  (21).  It  requires  an  old 
asset  to  be  discarded  when  the  capitalized  value  of  the  initial  loss 
in  net  operating  revenue  equals  the  resale  value  of  the  asset.  ISiese 
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conditions  could  be  Kuhn-Tuckerized  by  adding  inequalities,  but  this 
refinement  is  not  necessary  to  the  purpose  at  hand.  For  example,  if  we 
had  "<"  instead  of  in  (21),  then  =  0,  and  the  new  facility 

would  be  added  at  the  opening  of  the  planning  interval.  It  should  be 
remarked  that  there  may  be  many  solutions  satisfying  these  necessary 
conditions.  In  particular,  if  the  requirements  function  y(t)  is  not 
monotone,  one  should  anticipate  the  likelihood  that  several  and 

values  might  satisfy  (21)  and  (22).  Such  difficulties  seem  inevitable 
in  dynamic  decision  problems. 

Returning  now  to  the  tax  depreciation  problem,  it  is  clear  that  if 
all  capital  outlays  and  receipts  are  expensed  for  income  tax  calculations 
then  profit  after  taxes  is  TT  =  (l-a)V,  and  maximizing  TT  gives  the 
conditions  (l6)-(21).  On  the  other  hand,  suppose  the  Treasury  specifies 
that  an  asset  must  be  depreciated  over  some  write-off  interval.  Bien 
we  might  express  the  general  tax  depreciation  functions  for  the  two 
types  of  assets  in  the  form  d^  =  d(W^X^,S^  ?^,u+t)  and 
d^  =  d( W2X2 ,32^2, t )  .  Profit  after  taxes  is  now  tT  =  (l-a)v  +  a  A, 

with  V  given  by  (I6)  and  A  defined  by 


> 


T'  T  -rT  -rT* 

(23)  A  =  j  ^  d^e'^^dt  +  j  d2e"^^dt  -  W2X2e  K  h  32X26'^^ 


-rr  * 

Maximizing  |  1  with  respect  to  the  time  path  variables  gives  the  same 
decision  rules  (17)-(19)  obtained  by  maximizing  V.  But  with  respect  to 


X2,  T^,  and  T|,  we  now  get 


m  -  j 


i.1 
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(25)  (^)  -  ■■  ' 

(26)  (i^)  |L  .  td(WiiC^,3^X^,Ti  t  u)  t  rS^Xile 


which  again  introduces  tax  depreciation  components  into  the  investment 
decision  rules. 

Conditions  on  the  depreciation  functions  that  eliminate  this  tax 
bias  are  obtained  by  setting  the  right  side  of  equations  (2U)“(26)  each 
equal  to  zero.  A  solution  to  the  resulting  differential  equations  can 
be  written: 


(27) 

(28) 


T 

d(W^X^,S^X^,u+t)e'"‘^dt  = 


i: 


d(W2X2,S2X2,t)e"^^dt  =  W^X, 


2  2 


SiXi 


-rT' 

e  S  F^(W^X^,S^X^,u) 

-  S2X2  e"^'^  , 


which  can  be  verified  by  differentiating  and  substituting  into  the 

conditions  obtained  by  setting  the  right  side  of  (24)-(26)  equal  to 

zero.  Making  use  of  the  fact  that  the  taxing  authorities  cannot  specify 

different  depreciation  allowances  on  sunk  and  future  investments,  the 

.u 


arbitrary  function  becomes  F^^  =  W^X^e  -  f  d(W^X^,Sj^X^,t)e’''^dt 

u+T'  ^  ° 

Jo 


since 


de-''‘dt  .  H^X^  -  (28) 


for  the  sunk  investment.  Uie  annuity  depreciation  formulas, 

-r(T^+u)  -r(T-T^) 


rW^X^  -  rSj^X^e 


‘1  "  ^  d2  -  ^_^.r(T-T^) 

(27)  and  (28),  and  are  natural  candidates,  but  again  would  require  the 


rW2X2  -  rS2X2e 


satisfy 


authorities  to  specify  the  optimal  lives  T|  +  u  and  T  -  for 
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each  industry  and  firm.  Under  the  simpler  expensing  approach  we  would 
have 


W2X2 


-V2 


t  =  0 

0  <  t  <  T-T. 
t  =  T-T^ 


and  similarly  for  d^,  which  takes  into  account  in  a  decentralized 
way  the  fact  that  optimal  equipment  life  may  vary  from  one  firm  to 
another . 


3-  Concluding  Comments 

The  phenomena  of  business  income  taxes  would  appear  to  be  a  fact 
of  life  that  is  here  to  stay.  We  have  attempted  to  show  that  if  such 
taxes  are  levied  on  a  concept  of  net  business  income  that  requires  the 
specification  of  rules  governing  the  manner  in  which  capital  outlays 
are  to  be  charged  as  a  current  expense  over  time^  such  rules  will,  in 
general,  Introduce  an  artificial  influence  on  investment  decision 
formulas.  Furthermore,  there  appears  to  exist  no  administratively 
feasible  way  to  specify  neutral  write-off  rules  except  to  define  taxable 
income  as  gross  income  minus  all  cash  outlays  including  investment.  This 
amounts  to  permitting  businesses  to  fully  expense  capital  expenditures 
for  tax  purposes,  and  represents  the  maximum  rate  of  accelerated  deprecia¬ 
tion.  Tliis  procedure  recognizes  that  ultimately  profits  are  the  difference 
between  total  cash  receipts  and  total  cash  outlays,  however  one  might 
arbitrarily  allocate  short-run  net  cash  receipts  between  something  to 
which  the  name  "profit"  is  given  and  something  which  is  labeled 
"depreciation. "  Eventually,  all  depreciation  schemes  wash  down  to  the 
same  long-run  net  cash  profit,  and  it  is  from  this  net  profit  that  taxes 
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Q 

must  be  paid.  Somehow,  this  very  simple  Idea  gets  lost  In  the  Immensely 
complicated  Institutional  mysteries  of  depreciation  accounting. 

Perhaps  the  most  valuable  advantage  of  fully  expensing  capital  out¬ 
lays  Is  that  of  Introducing  administrative  and  clerical  simplicity  where 
there  has  tended  to  exist  great  complication.  n:ade  sources  frequently 
report  that  businesses  keep  at  least  two  sets  of  books,  one  of  which  Is 
designed  specifically  to  solve  the  decision  problems  created  by  tax 
depreciation  accounting.  One  finds  it  difficult  to  see  what  might  be 
the  social  benefits  of  such  activity. 

One  final  point  deserves  to  be  made.  In  current  discussions  some 
have  argued  that  faster  tax  depreciation  write-offs  should  be  allowed 
to  give  the  growing  firm  an  advantage.  Our  analysis  suggests  that  the 
write-offs  should  be  fully  accelerated,  not  to  give  emyone  an  advantage 
but  to  eliminate  an  existing  disadvantage  In  the  sense  that  Investment 
decision  rules  are  distorted.  Also  bear  In  mind  that  many  kinds  of 
investment— probably  our  most  important  kinds-have  always  been  expensed. 

I  refer  to  investment  by  businesses  in  the  training  and  further  education 
of  technical  and  scientific  employes,  investment  In  product  research  and 
develojanent,  and  advertising  outlays,  all  of  which  are  expenditures 
designed  to  increase  future  earnings.  Present  tax  write-off  policies 
can  hardly  be  said  to  have  the  sEune  Impact  on  a  railroad  or  metal-working 
firm  as  on  a  pharmaceutical  or  electronics  firm  whose  investment  in 
knowledge  is  relatively  far  greater  and  more  crucial  than  their  outlays 
for  durable  goods. 
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FOOTNOTES 


1.  Smith,  V.  L.  "Depreciation  and  Investment  Theory,"  ONE  Technical 
Report  No.  IO5,  Institute  for  Mathematical  Studies  in  the  Social 
Sciences,  December,  1961. 

2.  It  would  seem  obvious  that  the  profit  motive  should  drive  corporate 
management  to  depreciate  assets  as  rapidly  as  is  permitted  under 
law.  However,  many  have  expressed  the  opinion  that  management  has 
been  slow  to  suiopt  the  liberalized  depreciation  privileges  provided 
in  the  Internal  Revenue  Code  of  195^  [see,  e.g.,  the  proceedings  of 
the  symposium  Depreciation  and  Taxes  (Princeton:  Tax  Institute, 
1959),  PP.  130,  172].  J.  Barlow  (ibid. .  pp.  151-140)  mentions 
several  reasons  for  this.  Besides  Ignorance  or  misunderstanding 

of  the  after-tax  benefits  of  accelerated  depreciation,  there  is 
the  problem  that  some  managements  seem  to  view  depreciation 
deductions  as  a  cost  which  adversely  eiffects  profits,  and  the 
opinions  of  beuikers  and  shareholders.  This  last  reason  covild  have 
substance  if  the  availability  of  funds  is  influenced  by  short-term 
eEirnlngs  which,  under  accelerated  depreciation,  tend  to  be  depressed 
in  the  early  years  of  an  investment,  but  Increased  in  later  yeeurs. 
Also  there  the  vulgar  facts  that  existirig  stock  options  to 
management  may  be  less  valuable,  and  profit-sharing  programs  for 
management  will  be  less  attractive  to  present  management  [cf. 

T.  N.  McDade,  Ibid.,  Chapter  III,  p.  55  and  passim]. 

5.  Smith,  o£.  clt.,  p.  9. 

4.  Such  "normal"  life  guidelines  are  provided  in  the  U.S.  Treasury's 
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Bulletin  F 


5.  The  equilibrium  conditions  are  different  if  the  minimum  write-off 

* 

periods  exceed  the  optimal  life  of  equipment.  If  +  u, 

L  <  L  ,  and  we  assiame  that  the  "undepreciated"  portion  of  the 
asset  is  deducted  at  the  time  of  replacement,  then 

C 

,  0  <  t  <  L 

L*  »  - 

0 

C  * 

-M(L)+-§(L  -  u-  L),  t  =  L 
00^  *  0  o'  ^  o 

L 

o 

and  similarly  for  the  replacement  investment.  If  one  conqputes  A 
and  A'  for  this  case  the  condition  (l5)  becomes 

V  arC  ^  -rL 

(l  -  ct)  -3=—  =  — (L  -  u  -  L  )  +  0£re  °  A'.  Note  that  the  cost 
OL  T  o  o 

o  L 

o 

of  the  sunk  investment  influences  its  replacement,  which  was  not 
the  case  in  (l5)*  This  demonstrates  how  sensitive  are  the  decision 
rules  to  the  parameters  of  a  given  write-off  policy,  as  well  as  the 
policies. 

6.  Obviously  the  TreMury  cannot  specify  a  different  write-off  policy 
for  sunk  than  for  future  replacement  assets  to  be  purchased.  (l4) 
has  the  same  form  as  (l5)  since 


M  (L  ),  u  +  t]e”^^^^^^  dt 
o  o 


M  (L  ),  t]e‘^^  dt 
o  o 


M  (L  ), 
0  o' 


t]e‘^^  dt 


7.  This  is  a  profit  maximizing  extension  of  the  models  discussed  in 
Smith,  V.  L.,  Investment  and  Production.  (Heurvard  University  Press: 
Cambridge,  1961),  Chapter  XI,  especially  pp.  293-298. 
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8.  Of  course  there  is  the  problem  that  tax  payments  are  "delayed." 

But  the  term  "delay"  is  used  only  because  it  is  generally  believed 
that  the  present  non-expensed  approach  to  tax  depreciation  is 
"natural."  One  could  equally  argue,  that  under  existing  practices, 
corporations  are  making  interest-free  advance  payments  to  the 
Treasury;  that  the  real  financial  burden  or  "cost"  (in  the  sense 
of  foregoing  "consumption"  distribution  to  stockholders)  of  an 
Investment  occurs  in  the  year  of  the  capital  outlay,  and  therefore 
expensing  is  "natural."  The  argument,  of  course,  depends  ultimately 
upon  how  one  proposes  to  measure  income. 

But,  however  one  interprets  this  delay,  the  fact  remains  that 
Treasury  revenues  are  adversely  affected.  My  proposal  for  making 
up  this  loss  has  been  to  remove  the  differential  treatment  of 
capital  gains.  In  this  respect  it  is  worth  noting  that  a  recent 
survey  of  15O  executives  in  51  major  corporations  has  revealed 
that  "managements  are  willing  to  give  up  capital  gains  treatment 
of  gains  arising  from  the  sale  of  depreciable  plant  and  equipment 
in  order  to  lessen  the  impact  on  Treasury  revenue  of  needed  teuc 
depreciation  reform."  See  R.  Milroy,  D.  Istvan  and  R.  Powell, 

"The  Teuc  Depreciation  Muddle,"  The  Accounting  Review.  Vol.  56, 

No.  k,  October,  I96I,  p.  5^0- 
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Harverd  Ublvarelty 

Cmbrldgi  36,  Wieaaphwaitu  1 

Nr.  Louie  Deroe 
Mineg—iH  Inglneerlhg  Staff 
Biawah  ef  Tarde  eed  Deeke 
levy  Bapertaaet 

Rartlhftee  25,  D.  C.  1 

Rear  Adn.  1.  I.  SceUa,  UNI,  Met. 

101  vaeblivton  Street 

■evpcrt,  NMde  laland  1 

N*.  Daniel  lUeberg 

Ihe  lUn  Covgoration 
1700  INla  StiMtt 

Santa  Monica,  Oaltfornla  1 

Alain  Hnthoven 
3009  Belly  Btreet 

Alexandria,  Tlrglala  1 

Profeeeor  Aerhard  Feie 

445  CL 

Unlverelty  of  Pltfbur#i 

Plttiburg)  13,  renatylvnaie  1 


Coatraet  Bonr*225(50) 
Boveaber  1961 


St.  NirriU  N.  Flooi 

HiDtal  iMith  iMMreh  iMtitut* 

20$  lerth  For««t  Artou* 

Add  ArboTi  Nlehi^  1 

frofMMT  terld  Oalt 
OvtrtatBt  of  NfttlMMtlet 
tnm  ttoivtriltjr 

Prorlteaet,  Iheda  Itlaiid  I 

Mr.  Murtjr  Otltlar 
Ttw  nun)  Corporfttien 
1700  Nftla  StfMt 

8wt«  Nenle*,  Califeraia  1 

Profaaaor  B.  Qalba» 

Dapartaant  of  NatbMatlea 

ttdvaralty  of  Miaataeta 

mnaaipolia  U,  Nlaaaaota  1 

Olaaalnl  Fouaiatloa  Orouad^Watar  SttaSlat 
Olaaainl  Fouadatloa  of  Aipl.  Iccaflalea 
Ualaaralty  of  Callforala 
Btrkalay  4,  Callforala  1 

Ifr.  R.  J.  0.  OlUlaa 
Narkatlai  Raaaareh  Oapartaant 
Olln  Matblaaoa  Chaaleal  Corp. 

275  Vlnehaatar  Avaaoo 

lav  Ravan  4,  Cocinactleut  1 

Or.  R.  I.  Ooaory 

XBI  Raaaareb 

Yorktown  lalchtai  law  York  1 

Profaaaor  ZtI  Orlllebaa 
OapartJMBt  of  Icoaaalca 
Unlwaralty  of  Cbleafo 

Cbleaio  37,  lUlnola  1 

Dr.  laalora  Hailar 
la«y  NamiaMat  Offlea 

UaablB|ton  25,  0.  C.  1 

Or.  lhaodora  I.  larria 
fka  RAID  Corporation 
1700  IMlo  Btraat 

lanta  Monica,  California  1 

Dr.  John  C.  Haraaiqrl 

OapartMant  of  Bconoalea 

lapaa  Itata  Unlwaralty 

Oatrolt,  Mlchlcan  1 

Profaaaor  M.  R.  laotanaa 

Oapartaaat  of  Mathaaatlea 

Ohlwaraltir  of  California 

lioa  Anpalaa  24,  California  1 

Profaaaor  C.  Klldrath 

Mlcbl^n  Itata  Unlvaraltj 

•■at  Xanalna,  Hlchlcaa  1 

M*.  C.  J.  Rltcb 
Tb»  RAID  Corporation 
1700  (Min  Itraat 

Santa  Monica,  California  1 

Dr.  Alan  J.  Hoffann 
IW  Raaaareh  Gantar 
Box  216 

Yorktown  Helsbta.  law  York  1 

Profaaoor  Auatln  flocpatt 

School  of  Bualnaaa  Adalnlatration 

Unlvnraltjr  of  California 

MrkalaY  4,  California  1 

Dr.  C.  C.  Roll 

Orad  School  of  Indwatrlal  Adalnlatration 
Carnaaia  Inatltwta  of  ‘Drehnaloajr 
Pittabw^  1*,  Pannaylranla  1 

Dr.  John  V.  Roopar 
Cowlaa  foundation  for  Raaaareh 
in  IcafKanlca 
Tala  8  ation,  Box  212^ 

■aw  Haran,  Connactlcut  I 

Prcfaaaor  K.  Hotalllng 

Dapt.  of  Nathaaatleal  Statlatlca 

Uhifaraltj  of  lortb  Carolina 

Chapal  Rill,  lorth  Carolina  1 

Profaaaor  N.  S.  Houthakkar 
Dapartjwnt  of  IronoHlca 
Harvard  Unlvaraltj 

Caabri  Wea  ^6.  IMaaachuaatta  1 

or.  R.  M.  R^haa 
Dapartaant  of  li<Batrlca 
School  of  Aviation  MaSlcina 
U.B.A.P. 

laadolph  Plaid,  Taxaa 


Profaaaor  Xaeald  larviei 
Dapartaant  of  Beoaoaloa 
OBlwaraltp  of  Ntamaota 
MlaaaiVolla  lA,  ttlimaairta  1 

Profaiacr  J.  R.  Jaekaen 
NuMRMiat  Baiaaaaa  Rat*  Proj. 

DUwareltjr  of  flUifemia 

Lea  Ai«alaa  24,  CaliferaU  1 

Profaaaor  Dala  V.  Jorfaaaoa 

Dapartaaat  of  Beonoalaa 

Qhlwaraltp  of  California 

Barkalaj  4,  Callferala  1 

Johaa  Bopklat  Dtalvaraltjr  Library 

Ae^nlaltloaa  Dapartaaat 

jaitiaora  IB,  IMrylaad  1 

Capt.  Ualtar  I.  Kaaa,  M 
Offlea  of  lawal  Raaaareh 
Coda  400 

D^^taaat  of  levy 

Uaahinftoa  25«  D.  C.  1 

Profaaaor  taiwraoea  Xlaln 
Dapartaaat  of  teonoadea 
Univaralty  of  Paanaylvaaia 
Philadelphia,  Pana^lwaDla  1 

Profaaaor  T.  C.  Koopaaaa 
Cowlaa  Foaodatlon  for  Raaaareh 
In  ReoBoalea 
Yale  Station,  Bn  2125 
■aw  Ravan,  Connaetleut  1 

Profaaaor  Harold  V.  luhn 
Dapartaant  of  Mathaaatlea 
Mtd  Mawr  Calla|a 

Mmt,  Pannaylvania  1 

Or.  Howard  taltln 
lha  RAID  Corporation 
1700  Mala  Btraat 

Santa  Monlea,  California  1 

Dr.  R.  F.  laaaallotti 

Dapartaant  of  teonoalea 

(Mahincton  Stata  Cellaft 

Pullaan,  ihahlnstcn  1 

Profaaaor  C.  I.  Lanka 
Dapartaaat  of  Mathaaatlea 
Raaaaalaar  Polytaebaleal  Inatltuta 
Troy,  Saw  York  1 

Profaaaor  V.  V.  taootlaf 
Dapou’taaat  of  Bconoalea 
Harvard  Univaratty 

Caabrldpa  56,  (Maaarhuaatta  1 

Dr.  Barnhardt  Liabaraan 
Canter  for  International  Affalra 
6  Divinity  Ava. 

Harvard  Ifclvaralty 

Ci^rldfa  50,  MMaaeliuaatta  1 

Profaaaor  8.  B.  Uttawar 
Dapt.  of  Xnduatrial  toclnaarlnf 
Colwbia  IMlvaralty 

law  York  27,  law  York  1 

Dr.  R.  Duncan  Lnee 
Dapt.  of  Paycbolofy 
Uhlvaralty  of  Pannaylvania 
Phlladalphla,  Pannaylvania  1 

Dr.  Craig  A.  (Mgvlra 
2954  Vlnehaatar  (My 

Rancho  Cordova,  California  1 

Brnolt  IMndalbrot 
International  Bualnaaa 
IMchlnaa  Corp. 
naaaarch  Canter 
P.  0.  Boa  216,  lanb  Batata 
Yorktown  lal^ta,  law  York  1 

Profaaaor  Jnllua  Margolla 

Dapartaant  of  Bualnaaa  Adalnlatration 

Univaralty  of  California 

■erkalay  «,  California  I 

le.  Rarry  M.  Nvkovttz 
Loglatlca  Dapartaant 
Tha  RAID  Corporation 
'.TOO  Main  Itraa’ 

Santa  Mnnlea,  California  I 

Profaaaor  Jacob  Nvachak 

Sebocl  of  laalnaaa  Adalnlatration 

Univaralty  of  Caliromla 

Uoa  Angvlaa  2m,  California  1 


Thenaa  Mvachak 

Seboel  of  Bualnaaa  Adalalatratlen 
Univaralty  of  Callferala 
Barkalay  4,  Callferala 

Profaaaor  Lteoal  N.  NeKaatla 
DapartMBt  ef  leeDOMlea 
Univaralty  of  Reebaatar 
Rivar  Capita  Station 
Roehaatar  20,  lav  York 

M>.  Joaaph  Mahr 
laad,  Oparatleaa  Raaaareh  Daak 
U.  8.  I.  tTalalag  Dawlea  Oaatar 
Port  WaahlBfton,  L*  X.,  lav  To<^ 

Dr.  Rlehard  A.  MlUar 
4071  Matt  Tth  Straat 
Pert  lortb  7,  Taxaa 

Profaaaor  Praaeo  Mndigllanl 
Orad.  School  of  Xnduatrial  Adaialftratloa 
Camacla  laatltuta  of  ftehaoloor 
Plttaburgb  15,  PtBBMrlvaala 

Profaaaor  Jaaaa  Moora 
Dapt.  of  Xnduatrial  InflBaarlag 
lorthaaatam  Uhlvaralty 
Boaton  12,  Nua. 

Profaaaor  0.  Norsaaatam 
Reoncaatrle  Raaaareh  Prey 
Prlneaten  Univaralty 

9e-A  Raaaau  Btraat 

Prineaton,  law  Jaraay 

D.  I.  Bawban 

Chiaf,  Xnduatrial  Rnglnaarlag  Div. 
Co^troUar 

Hdgra,  San  Baraardino  Air  Matarlal  Area 
lorton  Air  Perea  laaa,  California 

M*.  N.  L.  Berdaa 
Raaaareh  Mwiaien 
Collasa  of  taflnaarlng 
law  York  Univaralty 
law  York  55,  Rw  York 

Profaaaor  R.  R.  O'lalU 
Dapartaant  of  fi^naarlag 
Univaralty  of  California 
Loa  Ansalaa  24,  Callforala 

Mr.  Richard  T.  Palavao 
CparatlQoa  Raaaareh  Dopartaaat 
VlUow  Rbb  Xabormtorlaa 
YBallantl,  Ittehli^ 

Profaaaor  8t«alay  Raltar 
Dapartaant  of  IceiMaiea 
Purdua  Univaralty 
lafqratta,  Indiana 

Profaaaor  N.  Rllay 
501  Stephana  »arr1a]  RaU 
Univaralty  of  Callforala 
Barkalay  4,  CallforaU 

Profaaaor  D.  Roaanblatt 
Dapartaant  of  Btatlatlca 
lha  Oaorpa  Hhablaftea  Uhivaraity 
Vaabli«toB  7,  D.  C. 

Profaaaor  Mamy  loaanblatt 
Dapartaant  of  NathaaatleB 
M’ovn  Univaralty 
Provldan<*a  12,  Rioda  laland 

Profaaaor  A.  1.  Roaa,  Haad 
Dapartaaat  of  IMthMUtlea 
Univaralty  of  lotra  Daw 
Rotre  Daaa,  Indiana 

Profaaaor  Jtroaa  Rothanbarg 
Dapartaant  of  Bconoalea 
■ortbvaatam  Univaralty 
■vanaton,  XUlnola 

Profaaaor  Albert  R.  Rubanattln 
Dapartaant  of  Xnduatrial  Rnflaaarlng 
Horthvaatam  Univaralty 
■vanaton,  tUlaeta 

Profaaaor  Banaa  Ruble 
Dapartaant  of  Statlatlca 
Nlehlgaa  Stata  Univaralty 
Seat  tanalng,  Rlehlgan 

Profaaaor  Richard  S.  Rutnar 
Dapartaaat  of  fbUoacflqr 
mchl^  Stata  Ublwralty 
Baal  tanalng,  Mlehl^ 


Ccmtract  Soir^SPS^^O) 


Mr.  mu»  WDlft 


A 


4 


lipMrMnt  o4  InwnrtM 
M.  Z.  y. 

99|  MMnnHntU 


Mr.  X.  aiokwd  Ivraii 
Sehottl  or  iMlmM 
Tlaowt  IftU 
naYmtlqr  of  Ml !■■■«♦  ■, 
IHanMMQlU  14|  Ml—unta 


yrortMcr  Mrw  tebMtt,  Jr. 
B«pt.  of  ZadMtrUl  Miflwttrlm 
Coraall  Ttollwcitar 
ZthMftt 


VroJMMT  I.  A.  tiMB 
Oipt.  of  ZateBtrlol  Malwlotrotlwi 
firoaili  ZMtltuto  of  VMteoloar 
Htt4Mr»  19»  MmmqtIowIo 


Mr.  J.  I.  Simoon 

Wttu  of  flijjilloi  oad  ieeoiMtf 

Codo  tt 

Arliaftoa  ioDOi 

V.  fl.  ttofortMBt  of  Uff 

HMhlacfcMi  S9i  0.  C. 

frofoooor  t«vlo  MmU 
PiportBont  of  Hothoaotloo 
HortMCth  CoUoCi 

iMMVor,  lev  lavAlro 


1 


1 


1 


1 


1 


1 


9m  UB  Ccifcratioa 
1700  IMIb  Otroot 

luteMcid...  CllfcnU  1 

MMMT  J.  HdfOflU 
1THB1  -  tt  Ifct.— tic. 
esMU  lkdwr.l.r 

IOm.,  York  1 

frcOMcr  M«rt  J.  Itolfm 
C1DI  fioo. 

9171  Mlakli. 

IrarUr  lUU,  euiferaU  1 

m.  immU  1.  MM*,  CUM 
Tula— —  VulMnMUlgr  mwk 
OMIM  at  iM't.  IM.  or  BoTMM 

29,  B.  C.  1 

2rer.tMr  M.  A.  ItooAkwr 
Bqvttut  or  IkthoMtloo 
■o*  lerk  Otlnroltgr 

■Mt  York  9),  *!•  York  1 

Bl.trlk.ftlo.  Tl.  CW  LnHO. 

rr— nfllng  Offleor 
Ironoh  Qftleo 
Ictr  Mo.  100 
PXoot  Foot  Offloo 
Sov  Yorkf  lov  Tort 


t  OMiomltr 
IMJtre,  TnrtlBBlm 


BiMvMHBk  of  Boom 

ftMofeii  OMiooroitar 


■ehool  of  leoaaiieB 
MMoBTflMr  «f  ■*  ••  OUoo 
UmtHkm,  I.  1.  IMIm,  JBMMLZA 


FrefOiOor  OovlO  lUlor 
MiooB*o  OUoiroi^ 
lUfotoB#  OBUrio 


1 


1 


1 


1 


Frofoooor  Kobort  folov 
Diportifit  of  BoobobIco 
IMoi.  lait.  of  tbrihnnlngr 
CMbrldpi  99t  NoMoeMaotto 


Frofoooor  Bobort  Btaaoro 
OifBrtBMt  of  BoobobIoo 
OBlvoroltar  of  FoiwMrlrBBiB 
FhllMolphlOy  FtOBal^'wd* 

Frofoooor  Oorold 

Doft.  of  iBteBtrUi  OdBlalotrBtloo 
romofflt  laotltvto  of  fbebaeloar 
Flttobor^  1%  FooBarlooBlB 

Frofoooor  I.  M.  tbroll 
Ooporf  Bt  of  MBtbMBtloo 
Oblooroltp  of  MlnblpM 
Am  IrbOTi  lUebt^B 

UrofOooar  t.  M«  tKMBBMr 
Oopa-tMBt  of  rntlmwriim 
QBivoroltr  of  OoltforBlB 

•H'boloT  V,  CBllfaralB 

frofoooor  Jmoo  TeblB 
CoMcil  of  BcobobIc  Adrtooro 
frocvtlvo  Offleo  of  fbo  FliolAMt 
VootilaftoB  25i  C. 


1 


1 


1 


FrofOooer  NmIoo  ALUlo  . 

<2  «nil*nrd  It.  Mclftl  (TI°) 

rvu  <>.  iMBS  1 

Ik.  klUlm  H. 

ObioirBitar  of  1 


fr.  Ftb^  lobB 

BoportaoBA  of  BooombIoo 

nwrnhin  Colloto 

ri^rim,  majm  i 

Or.  Batolf  Bmobt 

ZBOtltat  f&r  BBtMMdU  IMtbOMttt 
QblvoroiU*  Oom 


Frofoooor  0.  V.  f.  Bar 
Doft.  BoobobAob 
OBlooroitp  of  CblooBO 

Cbio^  9Tf  TlltBBio  ^ 

AMltiOMl  o^iM  for  BTOijMt  loaAor 
mA  ooBlotoMto  oaA  roBoroo  for  fraro 
rofoAroaoBto.  90 


1 


1 


1 


M.  JoOfBOO  ] 
loelfM  ioo  . 

iBiZififbo 

99rm»  * 

frrU  9b 


1 


iBOtltatO  JhtlOBBl 

ot  Aoo  BMoo  Be< 

29,  fMi  BrMljr 
Firio, 


AO  iB  ttBiiOtlfM 


1 


frofoooor  C.  1.  Tn^lBO 
Dopt.  of  HotboBBtlco 
OBioorottir  of  Coliforalo 
boo  iBpiioo  2V,  CoUforaio 


frofoooor  MmIoo  NoMbh 

PboBltgr  of  Comtoo 
oad  Beelal  leSaaoo 
Qtaiooroitar  of  Bbada^M 
1  BiraliiMiM,  Bogload 


1 


Frofoooor  A.  V.  TOebor 
PlM  IbU,  Bob  TQB 

Frlaeotoa,  Bov  Joroor  1 

frofoooor  ItrofWi  VboM 
Bobortoral  Beioaooo 
202  fMiporn  Borro 

MBflford,  CoUforBU  1 

frofoooor  0.  F.  Totar,  Jr. 

PoportMBt  of  BeoBoaloo 
Talo  Obtooroitir 

Bov  loooB,  CoBBoetlcot  1 

Frofoooor  «.  A.  bblUo 

207  ImBoU  BbU 

ObtooroitF  of  CbtcoBo 

Chlo^  97.  XUlBOlo  1 

Fiofoooor  J.  Ir.  MbUb 
DipaftMBt  of  MNMtleo 
■oroard  ObtroniltF 

CMbridpo  JB,  MoooeboBOtU  1 


frflfooocr  fr.  BoiM  iBflBrBoaB 
Zaotitat  rfr  fr MdoaforboMron  mBorboft 
OorfotiBObo  99 

fvmkrmr  b.M.,  MMBT  l 

Frofoooor  loart  Vail 
BeoaoMtrle  iBobttaflo 
Botbarloado  Bobocl  of  Bcoaoaloo 
Bottordoa.  HRBHMi  1 

wnrama  ti«  a  !■  nmtKv 

0.  •.  AbtaoM^ 

Attach^  for  Air  (fo^,  Jofoo) 

AFO  •  900 

fro  FTMOIoeo,  CallforoU 

frofioaor  HleBio  NerloBtaB 
Zaotttabo  of  Seolal  oad  BeoaMie 
fraoarob 

OboBb  OBlwrott^r 
TcoobbBb.  Onfea 

mm  1 


or.  T.  Mbltia 

■ebool  of  iDdoBtrUl  NMBBaaat 
Mao.  Xaatltato  of  frobaolov 

Ctfbrldpi  16.  HMaaebaaotto 

fr.  MfM  A.  WeBolM^ 

6995  •  A  Obm  ftroot 
%  CallferBU 


IWMbI  BOdlBt 
U2  BavwBe  fr  par  nil 

ToMre.  mm 

or.  M^m  BABbIAo 
Zaotltala  of  Beelal  Md  Beoasie 

Z  QaabB  VBIooroltp 

^obbBb.  OBBka 
JAF* 


1 


Coatraoi  BoBr^(90) 
■oMBbor  1961 
(FM) 
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